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Ultracold metastable RbCs molecules are observed in a double species MOT through photoassociation near the
Rb(5S1/2)+Cs(6P3/2) dissociation limit followed by radiative stabilization. The molecules are formed in their lowest triplet
electronic state and are detected by resonant enhanced two-photon ionization through the previously unobserved (3)3Π← a3Σ+
band. The large rotational structure of the observed photoassociation lines is assigned to the lowest vibrational levels of the
0+,0− excited states correlated to the Rb(5P1/2)+Cs(6S1/2) dissociation limit. This demonstrates the possibility to induce direct
photoassociation in heteronuclear alkali-metal molecules at short internuclear distance, as pointed out in [J. Deiglmayr et al.,
Phys. Rev. Lett. 101, 13304 (2008)].
1 Introduction
The field of cold molecules received a large attention in
the last decade due to important advances and potentially
new applications in several domains like fundamental tests in
physics, molecular clocks, molecular spectroscopy, dynam-
ics of cold reactions, controlled photochemistry studies and
quantum computation1–3. In particular cold polar molecules
(i.e. exhibiting a permanent electric dipole moment) thanks to
long range dipolar interactions have been proposed for quan-
tum information4,5. The large anisotropic interaction between
cold polar molecules is expected to give rise to quantum mag-
netism6 and to novel quantum phases7. Polar molecules can
be manipulated by external electric fields, allowing for the
control of elementary chemical reactions at very low temper-
atures8.
The techniques that have produced up to now molecules in
the ultracold temperature range are magnetoassociation and
photoassociation (PA). PA of laser-cooled atoms followed by
stabilization via spontaneous emission has been very suc-
cessful for many homonuclear and heteronuclear alkali-metal
molecules2. The molecules are typically formed in high vi-
brational levels of the ground singlet or triplet state. The pop-
ulation can be transferred to lower vibrational levels, eventu-
ally to the v =0 level, by incoherent9 or coherent optical pro-
cesses. In particular the stimulated Raman adiabatic passage
(STIRAP) process has demonstrated to be a powerful tool for
quantum degenerate gases starting from molecules produced
by magnetoassociation10–12, and recently also for ultracold
molecules created by PA in a magneto-optical trap13. Another
possible approach is to perform vibrational cooling by a prop-
erly shaped laser14. For both methods a good spectroscopic
knowledge of the molecule under study and a favourable rovi-
brational population distribution are crucial, therefore it is im-
portant to investigate different formation paths.
For what concerns ultracold RbCs molecules, their forma-
tion in the ground a3Σ+ state has been reported by PA below
the lowest excited asymptote Rb(5S1/2)+Cs(6P1/2) and sub-
sequent spontaneous emission15. 85Rb and Cs atoms were
excited into the 0− state resulting from the coupled (2)3Σ+
and b3Π states with the decay process producing RbCs in the
ground triplet state 16. The molecules were detected by state
selective REMPI through the coupled (2)3Σ+ and B1Π states.
Some RbCs molecules were transferred in a following experi-
ment to the v =0 level of the X1Σ+ ground state by an incoher-
ent optical pumping process9. The process was based on the
c3Σ+, B1Π and b3Π coupled states, allowing to circumvent the
triplet-singlet forbidden transition, using two lasers for pump-
ing and dumping the molecules from the starting level (v′=37
level of the a3Σ+ state).
In this paper a different formation path of triplet
RbCs molecules is reported, that involves PA near the
Rb(5S1/2)+Cs(6P3/2) dissociation limit followed by radiative
stabilization. The produced molecules are detected by reso-
nant enhanced two-photon ionization through the previously
unobserved (3)3Π← a3Σ+ band.
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2 Experiment
The experiment is done in a double species magneto-optical
trap (MOT) loaded from vapor and produced inside a UHV
metal chamber. The rubidium vapor pressure is established
by running current through a metal dispenser while for Cs a
metal reservoir is used, separated from the main chamber by
a valve. The cooling laser for cesium is a DFB diode laser
(150 mW power), with frequency tuned two linewidths below
the 6S1/2(F = 4)→ 6P3/2(F = 5) transition. For 85Rb the
cooling laser is a DFB diode laser (80 mW power), frequency
tuned two linewidths below the 5S1/2(F = 3)→ 5P3/2(F = 4)
transition. Two other diode lasers tuned on transitions from
the other ground hyperfine levels of the two atoms act as re-
pumpers. The repumper beams pass through acousto-optic
modulators and the first diffracted order beams are used for
the MOT. In this way the repumper beams can be almost ex-
tinguished, with the remaining intensity due to the extintion
ratio of the AOM. All lasers are frequency-locked in separated
cells through saturated absorption spectroscopy.
The double MOT has separated horizontal arms with
retroreflected beams for the two species, while it has super-
posed beams along the vertical direction, that is also the axis of
the quadrupole magnetic field. This configuration allows for
independent control of the alignment and therefore for maxi-
mizing the overlap of the two cooled samples. The overlap is
monitored by two CCD cameras along orthogonal axis. The
double species MOT captures a similar number of Cs and 85Rb
atoms (nearly 107) with densities of a few 1010 cm−3.
The PA step is performed by a tapered amplifier that is in-
jected by a dedicated DFB diode laser. A light power of 0.7
W is available to be focused on the trapped sample. Thanks
to its large bandwidth and to robust injection, the tapered am-
plifier remains injected for all the tuning range of the DFB
diode laser, that by changing its temperature exceeds thirty
wavenumbers. The absolute PA laser frequency is measured
by a wavemeter, while a Fabry-Pe´rot interferometer monitors
the frequency scan. The FP interferometer can be also used to
frequency lock the DFB laser.
The molecules are resonantly ionized by a laser pulse, that
is given by a dye laser (Quantel TDL50) pumped by the sec-
ond harmonics of a Nd:YAG laser (Continuum Surelite I-20,
with 20 Hz repetition rate and 7 ns time width). The dye laser
operates with LDS 698 dye and covers the frequency range
from 13800 to 14800 cm−1. The pulsed beam, with energy of
about 1 mJ, is softly focused to the cold sample. The pulsed
laser is fired after that the repumping lasers of the double MOT
have been almost extinguished for about 10 ms, making tem-
poral dark SPOTs. This has the double advantage of an ini-
tial increase of the atomic densities and, even more impor-
tant, a decrease of the collisional losses (both single species
and inter-species17) that are particularly strong with atoms in
the excited states. The time sequence of the experiment is
shown in Fig.1a. After the laser pulse the produced atomic
and molecular ions are repelled by a grid, separated by time-
of-flight and detected by a microchannel plate. The ion signals
are recorded by gated integrators, and a typical example is dis-
played in Fig.1b.
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Fig. 1 (a) Time sequence of the experiment. (b) an example of a
time-of-flight record; the three peaks from left to right correspond to
Rb+, Cs+ and RbCs+ ion signals, respectively.
3 Experimental results
The RbCs molecule formation has been investigated by
scanning the PA laser over all its tuning range below the
Rb(5S1/2)+Cs(6P3/2) dissociation limit (about 15 cm−1) and
by changing wavelength region of the pulsed laser for detec-
tion. As it can be deduced from Fig.2 and as discussed by Ker-
man et al16, the PA process below the Rb(5S1/2)+Cs(6P3/2)
dissociation limit has the drawback to induce predissocia-
tion to states correlated to the lowest excited asymptote (i.e.
Rb(5S1/2)+Cs(6P1/2)), however this does not preclude to find
specific paths that efficiently produce (meta)stable molecules
by radiative stabilization. In fact RbCs molecule formation
has been observed only when the PA laser is tuned -8.1 cm−1
below the asymptote and with a REMPI laser wavelength
of about 707 nm. The time-of-flight spectrum of Fig.1b is
recorded under such conditions.
No other PA lines have been observed over all the scanned
region. In particular no line with small Bv which could belong
to the Rb(5S1/2)+Cs(6P3/2) asymptote has been observed, in
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Fig. 2 Relevant potential curves18 for the RbCs formation process
and detection discussed here. Note that states with total electronic
angular momentum projection Ω = 2 are not displayed, for clarity.
Curves are labelled with their Hund’s case c symmetry notation.
Some curves correlated to Rb(5P1/2,3/2)+Cs(6S) are also labelled
with their Hund’s case a symmetry. The upward arrow suggests the
probable path for the photoassociation (PA), and numbered
downward arrows possible paths for spontaneous emission toward
stable RbCs molecules.
accordance with the hypothesis of a strong predissociation.
The PA line has a simple rotational structure that is plotted
in Fig.3. The three peaks are due to the J = 0,1,2 rotational
levels of the excited molecular state and correspond to a rota-
tional constant equal to 0.0138(7) cm−1. The J = 1 line feels
the Stark effect due to the static electric field used to extract the
ions from the MOT region and direct them to the microchan-
nel plate. The static electric field can be varied from approx-
imately zero, by applying a pulsed electric field to the grid
after the laser pulse, to values in the hundreds V/cm range.
Two recordings of this line using different electric fields for
extraction are shown in Fig.4. In the present setup the electric
field at the MOT position is not precisely known, however the
electric dipole moment of the excited molecular state can be
estimated between 3 and 4 Debye.
By locking the PA laser to a stable Fabry-Pe´rot interferom-
eter it is possible to probe the molecular sample by scanning
the detection laser. A spectrum of the detected RbCs+ ions
with the PA laser locked at 852.946 nm (J = 1 line) is shown
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Fig. 3 Rotational structure of the PA line at -8.1 cm−1. The three
peaks correspond to J=0,1,2 rotational levels of the excited
molecular state.
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Fig. 4 Stark effect on the J=1 line: the line is recorded for two
different values of static electric field Eel with Eredel >E
blue
el .
in Fig.5. The spectrum extends in the 700-715 nm wave-
length range and has a complex structure. The observations
are consistent with the explanation that triplet ground state
molecules are produced and subsequently ionized by REMPI
through the previously unobserved (3)3Π← a3Σ+ band. The
(3)3Π state has a local minimum and it is correlated with the
Rb(52S)+Cs(52D) dissociation limit19.
As it can be deduced from Fig.2, the bound states of the
a3Σ+ state oscillate in the region r≥9.7 a0, while in order to
match the RbCs+ potential curve, the ionization should occur
at r≤13 a0. The Franck-Condon factors for the (3)3Π← a3Σ+
band have been calculated to be particularly favorable20. An-
other weaker detection region has been observed in the 683-
693 nm wavelength range (Fig.6). It is tentatively assigned to
the (4)3Σ+ ← a3Σ+ band. As shown in Fig.2, the (4)3Σ+ is
also a double well state correlated with the Rb(52S)+Cs(52D)
dissociation limit, but its local minimum is above that limit,
implying that the supported bound states have finite lifetimes.
The interpretation of the molecular bands, that will be the sub-
ject of a future study, will allow to determine the vibrational
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distribution of the produced RbCs molecules. Similar results,
at different detuning of the PA laser, are obtained for 87RbCs
molecules, starting from a double species trap of 87Rb and Cs
atoms.
A precise value for the molecular formation rate cannot be
given because the ionization and detection efficiencies are not
known. However the RbCs+ detection rate is just a factor
two lower than the Cs+2 detection rate measured in the same
experimental condition photoassociating cold cesium atoms
through a giant line21,22 and detecting by REMPI through the
(2)3Πg ← a3Σ+u band. If a similar ionization efficiency is as-
sumed, the RbCs formation rate can be estimated to be above
104 molecules/s.
3.0
2.5
2.0
1.5
1.0
0.5
0.0
I (a
.u.
)
142501420014150141001405014000 hνL (cm-1)
Fig. 5 Spectrum of RbCs+ molecular ions recorded by scanning the
pulsed dye laser in the 700-715 nm wavelength range. The PA laser
is locked on the J = 1 line at 852.946 nm.
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Fig. 6 Spectrum of RbCs+ molecular ions recorded by scanning the
pulsed dye laser in the 683-694 nm wavelength range. The PA laser
is locked on the J = 1 line at 852.946 nm.
4 Interpretation: photoassociation of
RbCs at short-range
The most striking feature of the present observation is the
large rotational constant of the detected line, and the absence
of neighboring lines. This strongly suggests that it corre-
sponds to the direct population of a vibrational level lying at
the bottom of a molecular potential well located in the energy
range of the Rb(5S1/2)+Cs(6P3/2) dissociation limit. Fig.2 il-
lustrates the probable process using the potential curves in-
cluding molecular spin-orbit computed in Ref.18. Indeed,
several potential wells correlated to the Rb(5P1/2)+Cs(6S1/2)
dissociation limit have their minimum located just below
Rb(5S1/2)+Cs(6P3/2): an isolated Ω = 1 state (in Hund’s case
c notation with Ω being the projection of the total electronic
angular momentum on the molecular axis) mostly induced by
a (2)1Π state, and a group of four states (Ω = 0+,0−,1,2)
resulting from the spin-orbit splitting of the (2)3Π state. In
the following, these states are numbered by increasing energy
(4)1, (4)0−, (5)0+, (5)1, (2)2, respectively.
The observed structure starts with a J = 0 line and does not
exhibit a detectable hyperfine structure, and is therefore as-
signed to one of the two (4)0−, (5)0+ molecular states above.
The measured rotational constant is in good agreement with
the ones computed in Ref.18 (0.0136 cm−1 and 0.0133 cm−1,
respectively). The lower levels of these potentials can be pop-
ulated by the PA laser in the vicinity of the inner turning point
of the lowest triplet a3Σ+ potential, as illustrated by the arrow
marked ”PA” in Fig.2. In contrast with what is generally re-
ported (see for instance Ref.23), this result demonstrates the
possibility to achieve PA of a pair of different ultracold atoms
at short distances. There is only one another observation of
this kind reported up to now24: the lowest levels of the (1)1Π
state correlated to the Li(22S)+Cs(62P) dissociation limit of
the LiCs molecule have been successfully populated by PA
from the inner turning point of the a3Σ+ potential as well. The
apparent violation of the spin selection rule is explained by the
small spin-orbit mixing of the (1)1Π with triplet states25, also
expected in RbCs.
Once such excited levels are populated, they naturally de-
cay by spontaneous emission down to a broad range of a3Σ+
vibrational levels as pictured by arrow (2) in Fig.2 starting
from levels of the (2)3Π manifold. As the spin-orbit is large in
the RbCs molecule, another possible path (arrow (1) in Fig.2)
could be the decay from the (2)1Π state (or the (4)1 state in
Hund’s case c) as it is likely coupled to neighboring triplet
states just like in LiCs. The precise distribution of the popu-
lated vibrational levels will be analyzed from the spectra re-
produced in Figs.5 and 6. It is also likely that some of the
excited levels decay down to the lowest levels of the X1Σ+
ground state (see arrow (3) in Fig.2). This should be analyzed
using another detection scheme where excited singlet states
would be reached by the first photon of the REMPI process.
5 Conclusion
The formation of translationally and rotationally cold RbCs
molecules in a double species MOT is observed, and assigned
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to the short-range photoassociation of ultracold pair of atoms
followed by radiative stabilization to the lowest metastable
state, a3Σ+. They are detected by resonant enhanced two-
photon ionization through two different paths including the
previously unobserved (3)3Π ← a3Σ+ band. Further experi-
ments should explore the vibrational distribution of the pro-
duced ultracold molecules, as well as the possibility to create
ground state molecules through other isolated PA lines which
are expected in the same energy range. In particular detun-
ings below the -8 cm−1 region investigated here should be
explored, as several other levels are expected below the en-
ergy of the Rb(5S1/2)+Cs(6P3/2) limit. This would provide
the precise location of the v = 0 levels of the (4)1, (4)0−,
(5)0+, (5)1, (2)2 potentials, to be compared with theoretical
calculations. Blue-detuned photoassociation (i.e. at positive
detunings of the PA laser above Rb(5S1/2)+Cs(6P3/2)) should
be possible as well, as recently observed by Bellos et al. in
the same issue of PCCP. Such simple formation path of RbCs
molecules can be useful as a first step for a further optical
manipulation that modifies the internal degrees of freedom to
produce a sample of ultracold polar molecules.
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